Objective-To examine the reproducibility and responsiveness to change of a six minute walk test and a quality of life measure in elderly patients with heart failure. Design-Longitudinal within patient study. Subjects-60 patients with heart failure (mean age 82 years) attending a geriatric outpatient clinic, 45 of whom underwent a repeat assessment three to eight weeks later. Main outcome measures-Subjects underwent a standardised six minute walk test and completed the chronic heart failure questionnaire (CHQ), a heart failure specific quality of life questionnaire. Intraclass correlation coeYcients (ICC) were calculated using a random eVects one way analysis of variance as a measure of reproducibility. Guyatt's responsiveness coeYcient and eVect sizes were calculated as measures of responsiveness to change. Results-24 patients reported no major change in cardiac status, while seven had deteriorated and 14 had improved between the two clinic visits. Reproducibility was satisfactory (ICC > 0.75) for the six minute walk test, for the total CHQ score, and for the dyspnoea, fatigue, and emotion domains of the CHQ. EVect sizes for all measures were large (> 0.8), and responsiveness coeYcients were very satisfactory (> 0.7). EVect sizes for detecting deterioration were greater than those for detecting improvement. Conclusions-Quality of life assessment and a six minute walk test are reproducible and responsive measures of cardiac status in frail, very elderly patients with heart failure.
The main aim in treating congestive heart failure has been to prolong the life of patients. However, as in other chronic conditions, symptom control and eVect on functional capacity and quality of life are also important goals of treatment. The development in recent years of standardised measures of exercise capacity and quality of life in heart failure reflects the growing perception of the importance of these outcomes in patients.
Such tests have been used as outcome measures in drug trials in relatively young heart failure patients. [1] [2] [3] [4] Responsiveness (the sensitivity of a measure to a clinically relevant change in health) and reproducibility (the stability of a test when no important change in health has occurred) are essential properties of outcome measures for intervention studies. 5 It is important that reproducibility and responsiveness should be demonstrated in all populations in which the measures will be used. Heart failure is particularly common in elderly people 6 ; however, validation studies showing that quality of life questionnaires and exercise tests are reproducible and responsive have mainly been conducted in middle aged and young elderly patients (60 to 75 years). [7] [8] [9] Coexistent pathology, particularly cognitive impairment and chronic physical disability, might be expected to reduce the value of these tests in very elderly patients. The aim of the present study was to examine the reproducibility and responsiveness to change of a six minute walk test and a heart failure specific quality of life measure in elderly patients with heart failure attending a geriatric outpatient clinic.
Methods

PATIENTS
Consecutive patients attending a geriatric outpatient clinic with a clinical diagnosis of chronic heart failure, as defined by the Framingham criteria, 10 were eligible for the study. Patients were excluded if they declined to participate, if they were unable to provide informed consent owing to severe communication disorder or cognitive impairment, if they were unable to walk without physical assistance (not including mobility aids), or if they were considered unlikely to be able to complete a six minute walking test for any reason other than heart failure. ASSESSMENT 
PROTOCOL
At the baseline visit, the examiner calculated a clinical heart failure score based on findings from the history, physical examination, and current chest x ray. The quality of life questionnaire was administered to the patient by the same clinician. Finally, the patient performed a six minute walk test. Other tests or changes in drug treatment were ordered as judged clinically necessary.
We followed the same procedure at a repeat clinic visit within the following three to eight weeks, except that the patient was asked at the outset to select a response from a five point scale to the question: "Overall, how have you been from the point of view of your heart disease since I last saw you?" ("much better," "a bit better," "about the same," "a bit worse," "much worse"). Answers to this question were used as a global measure of change in cardiac status.
No specific intervention was tested in this study. Test-retest reliability of a measure can only be tested in patients who do not have a clinically significant change in status between two assessments. Conversely, data from patients who have experienced a significant change in status are needed to assess responsiveness of a measure. We presumed that most of our study population of unselected heart failure patients would have a stable cardiac status between two clinic visits three to eight weeks apart. However, some patients would experience a decline in cardiac status-for example, because of the natural history of chronic heart failure or development of intercurrent illnesses. Similarly, other patients would probably have an improvement in cardiac status at the second visit-for example, because of changes in drug treatment at the first visit.
Six minute walk test
We conducted the six minute walk tests using a standardised approach. 9 11 A 25 metre course was marked in a level enclosed corridor and a chair was placed at each end. Patients were transported to the start of the course by wheelchair. Patients were instructed to walk from end to end at their own pace while attempting to cover as much ground as possible in six minutes. They were allowed to use their usual mobility aids. A study doctor timed the walk test, calling out the time every two minutes. This doctor encouraged patients every 30 seconds in a standardised manner, facing the patient and using one of two phrases: "You're doing well" or "Keep up the good work." Patients were allowed to slow or stop and rest during the walk, but were asked to resume walking as soon as they felt they are able to. After six minutes, the distance walked was measured to the nearest metre.
Quality of life questionnaire
A heart failure specific quality of life questionnaire, the chronic heart failure questionnaire (CHQ), developed by workers in McMaster University, was used in this study. 8 This questionnaire examines three major areas of impairment caused by heart failure: dyspnoea (five items), fatigue (four items), and emotional function (seven items). Items are measured on a seven point Likert scale, and the scores in each dimension are added together. Thus the minimum (worst function)/ maximum (best function) scores in the three domains are: dyspnoea 5/35; fatigue 4/28; and emotional function 7/49. In this study, subjects were asked to consider the last four weeks when completing the CHQ at the baseline visit. At the follow up visit, subjects were asked to consider the period between the two clinic visits.
Clinical heart failure score We used the clinical heart failure score developed and validated by Lee et al, which simulates the clinical judgment of the severity of heart failure.
1 The score combines findings from the history and physical examination with the chest x ray appearance. The maximum (worst) score is 13.
STATISTICS
Validity
We used Pearson's correlation coeYcient to examine the interrelations between diVerent test scores. We predicted that, as evidence of validity, there would be reasonably close relations (r > 0.5) at the baseline assessment between the six minute walk distance and both the total quality of life score and the dyspnoea quality of life domain. We also predicted that the global change rating would be closely related (r > 0.5) to changes in the three quality of life domains, the total quality of life score, and the six minute walk distance.
Reproducibility
Data from patients who reported no major overall change in cardiac status between the first and second visits were used to assess the reproducibility of the health measures. Intraclass correlation coeYcients (ICC) were calculated using a random eVects one way analysis of variance. [12] [13] [14] We specified before the study that ICC values of 0.75 or more would represent satisfactory reproducibility.
Responsiveness
There is no consensus regarding how best to assess the responsiveness to change of measures; hence various diVerent approaches are reported in this study: (1) Observed change = mean (test 1 − test 2 ).
Responsiveness was assessed by examining whether the mean change scores followed the expected pattern in patients with global ratings of change in cardiac status from "much worse" to "much better." (2) EVect size (ES) = observed change/ standard deviation of test 1 . EVect size is calculated by dividing the mean change scores by the standard deviation of the baseline score in the same subjects. Sepa- rate eVect sizes for each measure were calculated in patients who deteriorated and in patients who improved, as scores in the two directions are not necessarily the same. 14 Cohen suggests that an eVect size > 0.8 is large, 0.5 to 0.8 is moderate, and 0.2 to 0.5 is small.
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(3) Responsiveness coeYcient (RC) = minimum important diVerence/standard deviation of (test 1 − test 2 ). The responsiveness coeYcient, developed by Guyatt and colleagues, relates the minimally important diVerence on a measure to the within subject variability in score in stable subjects (that is, those patients who report "about the same" in the global rating). 16 The minimum important diVerence is the smallest diVerence in a measure that signifies a clinically significant change rather than a trivial change in patient symptoms. Previous reports suggest that minimum important diVerence is 30 metres for the walk test 2 and 0.5 for individual items of the CHQ (measured on seven point Likert scales). 17 18 Within subject variability is represented by the standard deviation of the change scores in stable subjects. The higher the responsiveness coeYcient, the smaller the sample size required in clinical trials to detect a minimum clinically significant change in test score with an intervention. 16 A responsiveness coeYcient of 0.6 or more for a test suggests that a parallel group study would require about 50 patients in each group to show a minimum important diVerence in test scores following an intervention.
Results
Sixty of 68 consecutive heart failure patients were able to complete the baseline assessment. Eight patients were excluded because they had one or more of the following problems: severe confusion or communication disorder (n = 6), hemiparesis (n = 2), and severe arthritis (n = 2). Eighteen (30%) of the 60 patients included in the study had a history of cerebrovascular disease; seven (12%) were receiving regular analgesia for arthritis; and five (8%) used a walking stick or frame in performing daily activities. Nineteen of the 56 patients tested (32%) had mild to moderate cognitive impairment as defined by an abbreviated mental test score > 3/10 and < 8/10.
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Other characteristics of these patients are shown in table 1.
Forty five patients underwent repeat assessment a median of four (range three to eight) weeks later. At the follow up visit, two patients felt much worse, five a bit worse, 24 about the same, 10 a bit better, and four much better. Of the 15 patients who did not have a repeat clinic assessment, there were logistical diYculties in arranging follow up within the specified period for eight patients (in three cases owing to unavailability of a study doctor), three patients had been admitted to hospital, one had died, and three refused. There were no significant diVerences between the baseline assessments of the 45 patients who did and the 15 patients who did not have a repeat assessment.
Reproducibility, assessed by calculating an intraclass correlation coeYcient (R) from the results of the 24 patients who reported no major overall change in cardiac status, was satisfactory for the six minute walk distance (R = 0.91), for total CHQ (R = 0.83), and for the dyspnoea (R = 0.83), fatigue (R = 0.79), and emotion (R = 0.78) domains of the CHQ. Reproducibility was mediocre for the clinical heart failure score (R = 0.55). Baseline and change data corresponding to diVerent global ratings of change are shown in table 2. Changes in the CHQ domain scores and the walk distance at the follow up visit were in the directions and of the magnitude expected according to the global rating of change (p < 0.01 on a test for linear trend). EVect sizes and responsiveness coeYcients are shown in table 3. EVect sizes for all measures were large, and responsiveness coeYcients were also very satisfactory. EVect sizes for detecting deterioration were greater than those for detecting improvement.
As predicted, there was a good correlation at the baseline assessment between walk distance and the total CHQ score (r = −0.79) and the dyspnoea CHQ dimension (r = −0.58). The correlations between changes in scores of diVerent variables are shown in table 4. There were strong correlations between the global rating of change in cardiac status and changes in the dyspnoea and fatigue domains of CHQ, the total CHQ score and the walk distance. Change in the clinical heart failure score and in the emotion CHQ domain were more poorly related to the global change rating.
Discussion
The incidence and prevalence of heart failure increase dramatically with increasing age. For example, the Framingham study reported that the prevalence of heart failure was over 9% in subjects over 75 years of age. 6 Heart failure is associated with impaired exercise tolerance and reduced quality of life and has a poor prognosis regardless of age. 20 The therapeutic objectives in treating heart failure in elderly people depend on the individual patient. Although some of the large trials excluded older patients, there is now good evidence that treatment with angiotensin converting enzyme (ACE) inhibitors reduces mortality in elderly heart failure patients. 21 Nevertheless, because elderly people often have other conditions that increase the risk of death, the absolute gain in survival even with eVective treatment is often small. 22 In patients with major comorbid conditions or with cognitive impairment, symptom control and improvement in quality of life may be more important than prolonging survival. Also, elderly people are more prone to develop side eVects with cardiovascular and other drugs. For example, reduction in dyspnoea with diuretic treatment must be balanced against the propensity of these agents to cause incontinence and postural dizziness. Thus the eVects of interventions on exercise tolerance and quality of life are particularly important considerations in the treatment of elderly heart failure patients and should be considered as primary end points in clinical trials in this population.
The measures evaluated in this study are well established in the study of heart failure patients. The six minute walking test has been found to be a valid and reproducible measure of functional exercise capacity in chronic heart failure. 4 7 23 Furthermore, walking distance predicts long term morbidity and mortality. 24 This test may be particularly suitable for elderly patients who often find it diYcult to perform adequate treadmill tests, and improvement in this type of test in response to treatment may be more important and more relevant to activities of daily living than to changes in treadmill exercise capacity. The reproducibility, validity, and responsiveness to clinically significant change in the CHQ were shown in a trial of digoxin in heart failure patients in sinus rhythm. 2 8 The heart failure score, developed by Lee et al, has been used in two major trials, 1 2 and a strong correlation (r = 0.85) between this score and resting pulmonary capillary wedge pressure has been reported.
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The high prevalence of comorbid conditions in elderly people might be expected to limit the value of walk tests and quality of life assessment instruments in this population. For example, the presence of neurological and musculoskeletal problems and general deconditioning might reduce the proportion of patients able to complete a six minute walk test, as well as increasing the variability of successive walk tests. Similarly, even mild cognitive impairment might impair the reproducibility and responsiveness of a quality of life questionnaire. However, our results suggest that a six minute walk test and a disease specific quality of life instrument continue to be useful in very elderly patients. Eighty eight per cent of 68 consecutive heart failure patients attending a geriatric clinic were able to perform all tests. Reproducibility, validity, and responsiveness of these tests were satisfactory according to standards defined before the study. In contrast, the reproducibility of a clinical heart failure score was poor and change in score of this test correlated poorly with the global rating of change.
Several investigators have suggested that an ICC of more than 0.75 is acceptable when studying groups of patients, 14 25 and this was the standard adopted in this study, although-as Streiner and Norman have pointed out-there is no sound basis for making such a recommendation. 5 McHorney and Tarlov have argued that ICC values of more than 0.90 are required if measures are to be used to assess individual, as opposed to group, data. 26 Only the walk test attained this level of reproducibility in our study. However, even for the walk test the span of the limits of agreement between successive tests in stable patients, calculated using the method of Bland and Altman, 27 is substantial at 60 metres, suggesting that this test would be of little value for assessing change in individual patients. The one way analysis of variance used to calculate ICC values in our study provides more conservative estimates than the use of two way analysis of variance, as advocated by Deyo. With one way analysis of variance, a systematic shift between testing times, which may result from a learning eVect, will result in lower values for the ICC; two way analysis of variance would eliminate the error caused by such a systematic shift.
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14 Responsiveness to clinically significant change is an important and often neglected aspect of measures used in clinical trials. However, it is not yet clear how best to assess responsiveness, and, like other researchers, we examined various diVerent statistics. 14 29 The diVerent approaches yielded broadly similar and satisfactory results. Detecting improvement is the usual goal of intervention studies. For all measures in this study, eVect sizes for detecting deterioration were greater than effect sizes for detecting improvement, although the latter were still within an acceptable range. Although the number of patients experiencing deterioration in our study was small, this finding has also been reported by investigators using other health measures. 30 This probably reflects the fact that most of our patients were already on optimal treatment for heart failure at the onset of the study, although a "ceiling eVect" may have occurred in some patients with relatively mild heart failure.
Jenkinson et al noted that the SF-36 and Dartmouth COOP, two generic measures of health related quality of life, were not responsive to self reported improvements in global health in a study of elderly heart failure patients starting treatment with an ACE inhibitor. 31 Our results in a rather similar population using the CHQ, a heart failure specific quality of life measure, are very diVerent. It is possible that ACE inhibitors, despite their beneficial eVects on mortality, do not lead to major improvement in quality of life. However, the better responsiveness of the CHQ may simply reflect the fact that it is designed specifically for use in heart failure, with several items chosen by the patients themselves.
This study has several limitations. The numbers studied were small, particularly when examining the responsiveness to change in different directions. A quarter of the patients who had a baseline assessment did not have a repeat assessment within a relatively generous follow up period. This mainly reflects the frailty of our study group, and is an indicator of the problems to be expected when conducting research in such a population. Although our results suggest that the health measures assessed should be useful in conducting clinical trials of interventions in elderly people with heart failure, we did not examine the eVects of any specific intervention in this study. Our results for the psychometric properties of the CHQ are very close to those reported by Guyatt et al using the same instrument in an intervention trial. 8 Nevertheless, the discrepancy between our results and those of Jenkinson and colleagues 31 suggests that the responsiveness of the CHQ in very elderly patients with heart failure should be confirmed in an intervention study. We used a transitional scale from "much worse" to "much better" to judge change in cardiac status between the two testing sessions, and this scale was used as the external criterion of change for assessing responsiveness. Although this approach has been used in many similar studies, 16 30 32 it should be noted that transitional scales are subject to bias resulting from the patient's expectation of change-for example, after intensification of treatment at the initial visit.
In conclusion, our study suggests that the reproducibility and responsiveness of a walking test and a quality of life assessment instrument are satisfactory even in very elderly and frail patients with heart failure. Thus these measures may be useful as primary end points when conducting clinical trials in such populations.
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